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FOREWOAD

The research described {n thie report coan sres the coefart and
stability of the standard Army system for head protection v'th an
experimental syate: developed under th. Lightwelight Individuat
Clething and Equipment (LINCLOE) concep:. This concept iz envisionea
to drastically reduce the burden imposed on the front-line soldier by
selectively reducing the weight and durebility of his individual
clothing snd equipment., 7he human factors reseerch accowpanying this
effort is intended to zssist the decigners of LIHCLOE clothing and
equipment by specifying design criteris, evaluation methods and test
X;g;léé, The work reported was conducted under project Fo. 1C024701-
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ABSTRACT

Six test subjects awarded comfort and stability ratings for ths
standard 3.16 pound M-l steel helmet system and an experimentszl 1.53
pound LINCLOE :itanium one-piece helmet system. The suspension system
of the experimental helmet was attached direstly to the titanium
ballistic shell, cbviatimg the need for a helmet liner.

Subjective ratinga were recorded fer: ease of adjustment of the
suspengion system, comfort, helmet wa.mth, location of chinstrap,
interference with hearing, noisz produced by the helmet, interference
with aiming the carbine and stability vhen running, jumping, grenade
throving and crawling under a wire obstacle. Aiter acaling, differ-
ences batween the ratings for the erperimuntal and the standerd ssstems
underwent t-testing for significance. There waz only ons significant

difference between the two systemu: the experimental system was rated
a3 more stable when throwing grenades. It is suspected that the K-1

milmet wag rated as inferior on this task because it t:pped forward,
sterfering with vision, while the experimenta! system dld not.
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% COMPORT AND STABILITY RATINGS FOR PROTOTIPE LINCLOE TITANIUM HELMET SYSTEX
b

‘.

S INTRODUCTION

1

3 A single protorype of 2a experimental LINCLOE titanium helmet system
< was compared with the standerd U. S. Army M-l steel helmet system. The

3 objectives of the study were:

2 a. To determine whether the experimental helmet system has comiort
- and stability greater than, lesser than or equal to the standard helmet

: sysiem,

] b. To determine the suitability of the chin strap locatlion for

botn the experimental and the standard systems.

; ¢. To determine the adequacy of fit of both the experimental and
) standard systems.

- DESCRIPTION OF THE STUIY

H

£ Materials

Helmsts. The 1.53 pound experimental helmet system consisted ot a

: one-piece helmet snell ané & detachable fabric aand leather suvspension
system. The experimental helmet shell was fabricated of titanium to the
apprcximate internal diiensions of the standard M-1 helmet liner. The
experimental suspension system was almost identical to that of the M-1
helmet liner, except that it waa clipped to six metal studs irside the
heimet sheil rather than being riveted in place. The suspension mounting
studs were located so that the experimental sweat band was worn slightly
lower on the wearer's head than was the standurd sweat band. The control
helmet system was the standard M-l steel helmet and nylon helmet liner
with attached suspension, weighing 3.16 pounds.

Clothing and Equipment. ®ach subject wore the following combat
uniform: cotton undsrwear, fatigue shirt and trousers, combat boots with
cushion-solea socks and nylon fragmentation protective armor. Subjects
were armed with their assigned M-1 carbines ard carried th- M-56 load
carrying system less intrenching tool and aid paciket. One canteen of
vater was carried, but nc simulations of asmunition, clothing or ration
lcads were carried,

Questionnaivre. The questionnaire in Appendix I was developed to
provide subjective ratings of helmet system comfort, stability, warmth
. and ease of adjustmen: of the guspension. Roise production, location of
chin strap and interference with ajming were also rated. Subjects were
encouraged to make comments,
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One officer and seven enlisted men were selected as test subjects. The
greatest range ¢f cap sizes was desired in the sample; the bases of selection
were cap size cf the subject and his availability. The cap sizes, head
dimensions, he.ghts and weights of this highly aelected sample are shown in
Table I, Tae head dimensions within this sample included values from 2.8 to
29.2 percentile for head circumference, from 3.7 to 98.7 percentile for head
length, from 9.9 to 92.1 percentile for head breadtk, from 9.5 to 96.9 per-
centile for head height and from 11.0 to 54.6 percentile for face length.

The selection of the samule on a basis of huad circumferences fortuitously
produced a semple encompasszing large ranges for the other head dimensions.
This sample, although few in number, appsared to be reasonably representative
of the head dimensions to be enccuntered in the Army population. The sample
wvas further reduced after the fitting trials by the withdrawal of {wo sub-
jects for medical reasone.

ot o e

Table I: ¢Cap size, head dimensions, height and weight of test subjects,

Bead Be :d Bead Head Face
Cap Circumf. Length Breadth  Height lLerngth Stature Weight
Subject Size (in.) ~(in.) ({a.) (in.) (in.) (in.) (1bs.)

1 6 5/8 20.90 7.16 5.94 4.80 4.61 66.8 137 )

2 6 3/& 21.1C 7.10 5.75 5.80 5.16 72.1 145 i
3 7 22.12 7.58 5.71 5.79 4.60 £9.4 168

4 71/8  22.20 7.55 6.14 5.63 4.64 67.8 152 g
5 18/8  22.93 8.19 5.93 5.67 4.68 65.0 130

6% 73/8 23.03 7.72 6.26 5.55 4.6> 69.9 179 %
7 75/ 23.62  8.11 6.3 5.1 5.2 75.0 268 i
g* 7 5/3  23.70 8.31 6.18 5.63 4.57 73.7 164 ;

t¥ithdrawn from study after fitting trials.
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Method

Bxperimental Design. 4 7 x 8 treatment-by-subjects design was planned
and reduced to & 2 » 6 design arter the fitting triats. The two helmet
systems were the single treatment., Each sulject evaiuated each of the helmet
systems on the same day during consecutive test sessions. Subjects ware
paired according to availability and each of the four pairs reported for a
single test session during either the morning or afterncon. To counterbalance
order of presentation, one of the pair of subjects at a given sessicn was
chosen by lot to wear the expsrimental titanfum system first, Nine dependent
variabies were meagsured by means of subjective rating scaies: ease of adjust-
ment of the suspension system, comfort, helmet warmth, raise produced by the
helmet, intcrference with aiming the certine and stability while running,
jumping, grsnade throwing and crawling under a wire obstnrle. Subjects alse
indicated the presence or absence of Interference with hear.-g and rated the
location of the chir strap as all right, too far forward or too far to the
rear. Ia addition, subjects were given the uppocrtunify to mske cormsents

ncerning eny of the above varisbles.

Procedure. The study was conducted in two phases: fitring trials and
simulated cowbat course trials.

1. Pitting trials: Subjecte reported to the outdoor test area in
pairs. BRach subject was briered upon arrival and given either the sxperi-
mental or the control helmet for his first fitting trial. <ach subject
attempteé to adjust the suapencion asystem cof the helmet zo that it would
properly fit over his head, first when he wse wearing the cold-weather cap
(pile cap) aud then vhen he was baras-headed. When thz subject cexwinced the
iuvestigator that he either was satisfied wich the fit or had reached the
upper limit of the helmet's acjustability, he was nanded the questionmnaire
and instructed to answer the first iwo questions. Subjects then exchamged
helmets and rereated the fitting process.

2. Simulated combat course trials: Subsequent to the fitting trials,
subjects were briefed on the simulated combat course as they walked over {t.
ZBach pair of subjects then ran the course and completed the questionnaire for
that helmet., After rzsting fifteen minutes, subjects exchauged helmets and
ran the course asg:in  Sut jects were dismissed sfter completirg the guestion-
naire fer the second he.me.. The combat course was ccmprised of the following
tagsks (in order):

8. running from a correaled firing point to a covered firing
point and dry firing the weapcn.

b. running and jumping a ditch two meters wide,

¢. throwing two simulated hand grenades at & targei 25 metevrs
away but on the aame level as the subject,.
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d. crawling 20 meters across opa2n terriin.

e. crawling under a simulated &-and-2-pace barbed wire obstacle
(constructed of smooth wire).

f. running to a steep hillside and crawling 5 meters up the
hill using natural conceslment.

g. throwing two grenade simulators at a target 10-15 meters
uphill frem the subjecc.

h. assaulting to the top of ths hill.
Analy s

1. »>caling: the rating scales Iin the appendix were given numeri-al
valiues, with the least favorable respounse scaled as 1, the second lsast
favorable as 2, etc. There was no reason to assume that adjacent ratipgs
were gsemarated by equal intervals, but analysis of the responses showed that
s given respondent seldom used more than twe adjacent points on a rating
scale.

2 Significance tests: differences between the scaled ratings for
the experimental and the contrcl helmet systems were calculated for each
variable. Means and standard errors for these differences were calculated
and the me2ens were then i=sted against a zerc difference by the t-test of
differences betwsen piaired observations s=2 specified in Mode(l) . Subject
ratings for the location of the chin strap and cooments concerning the nelmet
systems were tabuliated.

Environmental Conditions

Dry and wet buldb temperature readings were taken before and after each
run. Dry bulb readings ~unged from 72° to R6°F, while relative humidities
ranged from 42 to E17. The relative humidity was higher on the first of
the two test days, while the dry bulb temperatures were higher on the aecond,
The maximum effective temperature (ET) during each run ranged from 72 to 7°
on day 1 and frem 72 to 78 on day 2.

(I)Hcde, 2.8.. Z.ements of Statistics, Third Edition. Prentice-fall, inc.,
Englewood Cliffs, N.J., 1961, chap 8, pp. 165-166.
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RESULTS

Ease of Adjustment

The mean rating for ease of adjustment for proper fit when bare-headed
was 3.0 for the titanium helmet system and 3.2 for the M-1 system. These
means were not significantly aifferent and were equivalent :0 a rating of
"easy to 2just”  The mean ratings for ease of adjustment for proper fit
over the cold weatne. cap wes 2.7 (somewhat less favors”~: than "easy to
adjust™) for the titanjum system and 2.0 ("moderateiy difficult to adjust")
for the M-1 system. The difference was not significant. There was &
significant difference betwesn the M-1 system means when bare-headed and
when wearing the cold weather cap (t= 7.98, d.f.=5, P«&.01). The reazon
for this difference was inferred from the subjects' comments. The suspen-
sion obviously did not suddenly become more difficul. to adjust; the helmet,
formerly adequate when bare-headed, suddenly was inadequate when wearing a
cold weather cap. Apparently the helmet liner sheil, with suspension inside,
had insufficient volume to encompass a moderately larce human head vwesaring
a cold weather cap, although it was large enough when ba-e-headed.

I
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Confort

The mean ratings for comfort were 3.3 for the titanium system and 2.7
for the M-1 system., Theke means 3id not differ significantly; their
average was equivalent to a ratriug of “ressonably comfortable for the pro-
tection it orfers".

PROVVREENEN

Stabilit

Stability when running. The titaniws and M-1 system mean ratings
(3.8 and 3.2, respectively) did not Jdiffer significantly. Their aversge
was equivslent o a2 rating intermediate becween "reasonably stable™ end
“very stable".

Stability when jumping. The titanium and M-l system mean ratings
(4.0 and 3.3, respectively) also did not differ significanzly. Their
average was equivalent to 2 rating intermedizte oetween "reszsonably stable™
and "very statle”,

Stability when throwing. The mesn ratings for the twc helmet systems
were significantly different(r= 2,70, d.f.= 5, F<.025). The titanium
syster m» a was 4.0 {"very stable"), while the H-1 system mean wae 3.2
(""reasonably stable"). An explanation for the obtained diffzrence under
the conditions of this particular task could not be determined. A similar
helmet system study(z)alao resulted in a significant difference cn the

{Dpurse, R.L. and W.D Cahill. Comfort and Stapility Rstings for LIRCLOE
Helmet and Suspension Systems in Comparison with Standard Items. US Army
' Natick Laboratories, Natick, Mass., Technical Report 68- 3 -Px, July 1968.

5




grenade throwing task. Subjects reported there that the less stable helmet
systems tipped over the forehead and obstructed forward and upwsrd vision.

A similar mechanism may have operated to produce the difference found inm the
current study.

Stability when crawling. The titanium and M-l system =ean ratings
(3.7 and 2.5, respectively) did not differ significantly. Their average
was equivalent to a rating of "reascnably stable"”,

Difffculty in Obtaining a Correct Sight Picture

The titanium and M-l system mean ratings did not differ significantly.
The titanium mean ra*ing was 2.8, while the M-1 mean was 2.5; both rotings
were intermediate between "™moderately difficuit™ and '"reasonably easy”.

Warmth of Head

The titspium and M-1 system mean ratings (4.3 and 4.0, respectively)
did not differ. Thelr average was equivalent to a rating of "uncomfortably
warm'', understandable in view of the environmental conditions.

Hcise oi Helmst

In srite of a2 loose and rattliag D-ring attaching the chin strap to
the titaniim helmet, the two heliet system mean ratings did not differ.
The titaniuw system mean was 3.0 and the M-l system mean was 2.3. Thelr
average was equivalent to a rating of "reasonsubly quiet™,

Interference with Hearing

Ko subject reported that either helmet system interfered wich his
hearing.

Location of Chino Strap

Four subjects reported that the chin strap location vas 211 right for
both the titanium and M-l helmet systems., Two subjects reported that the
chin strap was located too far to the rear in both cystems,

Comxaents

Table JI shows the comments of ail subjects. Eight types of comments
concerning stability were made. For the contro: helmet, four were
unfavorable while cne was favorahle. For the experimental helmet, onez was
unfa-rorable while two were favorable. The two test subjects with cap sizes
of 7-5/8 stated that the experimentel suspension cculd not be properly
ad justed to fit over the cold weather cap. Ome 0f these ipiividuuis zpplied
the same comment to the cortrol helmet, while the other amplified his
oviginal comment by remarking on & painful pressure point on his forehead
caused by the experimental helmet during the bare-headed fitting trials,

&
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Table IT1. Comments of Test subjects concerning experimental
(Titanium) and control (M-1) helmet systems,.

o/ S NN e e

ﬁ % Coament Experimental Control
§ 1. Helmet shifts around when running - 1
§ 2, Helmet slips rearward when crawling and 1 -
% puts pressure on back of neck
g 3. Belmet slips rearward when crawling and - 1
; chinstrap chnkes throat
% &, Chinstrat pulls helmet over eyes - 1
: 5. Chinstra, makes fit unstsable - 1
: 6. Helmet did not slip during test ? 1

7. Helmet is hot 1 2
i} 8. Helmet 1is heavy - 1
; 9, Painful pressure point on forehead (barehead fit) i -
? iC. Suspension could not be properly adjusted to 2 1
. £it over cold weather cap (cap size 7-5/8)
i . 11. Helmet not too comfortable 1 -
f 12, Helmet {s iight - 1

g e

DISCUSS 10N

Roth helmet systems appear to be about equally comfortable, a somewhat
surprising finding in view cf the major difference in weight. The warmth
level appears high, but acceptable. There were no irdications of interfer-
ence with hearing or helmet noise unacceptable to the wearer. The tvo
systems are equally adjustable. Neither system appears appropriately sized
for wear over the cold-weather cap.

Both nelmet systems appesared equally (and ascceptably) sta®le under the
conditions of rumning, jumping and crawling. The titanium system was rated
superior in stebility when throwing hand grenades. In this study, throwing
hand grenades appareantly containad a component not well represeanted in the
other tasks. Because the same finding was reported in a similar study,
further studies involving helmet stability shculd investigate the mechanism
for the reportzd differences in stability. One hypothesis that requires
testing is that helmets which are reported to be unstable under tue conditions
of throwing hand grenades are so reported because they tip forward amd
obstruct forward and upvard vision. If thii is so, prevention of fore-and-aft
@otion may be most critical im helmet system design. The prevention of

WAV v

PR et R,

i

b




side-to-side and up-and-down wo’ions may be ralatively unimportani, as long »
the helmet stays on the hesd.

8, There is no evidence that the experimentel one-plece titaniux helmet
system s inferior to the standard K-l uelmet system with respect Lo zay of
the variables evaluated,

b. The titanium helmet system is significantl more gtable than the M-}
system during grenade trrouwing. Additiopnal prototypey should be fabricated
and evaluated to see (I a larger zample size would produce significant differ-
ences ia other testz of stability.

¢- Relther system properly accozmodates test subjects when wezring thas
cold weather cap.

d. The chin strap location of both helmets i3 roo far to the rear for
some subjects.

2. Crenade throving 18 2 tast of stability whoze componencs require
furthar investigation in order to determine whether or not subjective ~atings
for helmet stability are related primarily to motion in the fore-and-a2ft plane.
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: APFEXDIX

Rating Scaies lieed to Evaluate
. LIMCLOE (ne-Place Titanium Belmet System

1. Whea adjusting the nelmet susyension to proparly fit my head without the
cold-westher cap, found the adjustment to beo:

a, Very different

b. Moderately difficuit
c. Easy

; d. Very easy

AR mRAPAIY ?Jf;}w' FASI VR Py T NN

2. When adjusting ths helms: suspension to properly fit my head over the
- cold-weather cap, I found the adjustment to be:

a, Very difficult
b. Moderately difficult
c. Lasy

¢ d. Very aasy

3. What do you think of the ccmrort of the helmet?

a. So uncomfortable that I don't want to wear it, even though it protects me,
b. Moderately uncomfortable, but I do want to wear it for the protection.

: ¢. Resasouably confortable for the protection it offere.
d. Very comfortable for the protection it offers.

Coments:

4, whst do you think of the gtability of the helmet during ruaning?

a. Very stable - does not bounce or move sround on my head.
b. Reasonably stable - bounces or moves around a little but requires no
read justment.
¢. Moderately unstable - bounces or moves saround 2 lot and requires
read justuent,
- d. Yery unstable - tends to fali off so much that I must use ome hand to
keep it on.

Coxzents:
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5. What do you think cf the stability of the helmet during jumping?

DN

a. Very stable - does not bounce or move around ca my head,

b. Ressonably stable - bounces or moves around a little but raquires no ~§
read justment. A

¢. Moderately unstuble - bounces or moves around a lot & requires re- &
ad justment . 3

d. Very unstable - tends to fall off so much that I mms* use one “aand #
to keep 1t on ~é
Comment s - 2
A

e

i
!
£

6. Wnat do you think of :ur stability of the helmet during grenade throwing?

&. Very stable - does not bcunce or move around on =y hard.
b. Reasonably scable - bounces or mwoves arcund a little but requires no

read justment.
c, Moderately unstable - bounces or moves around a lot & requires

readjustment .
d. Very vnstable - tends to fszll off so much that I must use one hand

to keep {t on.

RN it et i
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Comments:

7. What do you think of the stability of the helmet durirg the low cravl?

a. Very stable - does not bounce ur move arcund os =y hezd.
b. Reasonably stable - bounces or moves around a lirtle but requires no

read justment.
¢. Moderately unstable - bounces or moves arouad & lot & requires

tead justment.
¢. Very unstable - tends tec fa2ll off so much that I must use one haund

to keep it om.

o s iziden 5 o S K L T
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Comments: §§
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8. What do you think of the location of the chin strap? 3
e

a, Tco far towards the rear - the egtrap or irs attached hardware strikes B

my ear or presses om my threat. e

b. Too fsar towards the front - the strap slides off under my chie.
¢. Llocation is al) right - the strep £its cowxfortably.

Comments:

10
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: 2. How difficult was it to ohtain a proper sight picture with your weapon
1 while #esring the helmet?

3

1 a, Extremely difficult - I coculd not obtain a proper sight plcture with

the helmet on.

b ! b. Moderately difficulr - I had to tip the helmet out of the way in
2 srde~ t. ~btain & proper sight picture.

3 ¢. Reasonably easy - the helmet did not interfere with obtaining a
3 proper sight picture.

3 Comments:

3 10. W¥When wearipg the heimet, hov warm was your ead?

5 a. Comfortable

t b. Warm, but fairly comfortable

g c. Uncomfortably warm

: d. Hot

f e. Very hot

; f. Almost as hot as T can stand

: Commants:

; 11. When walking through undergrowth, how ncisy was your helmet?

% a. Very noisy

L b. Hederately noisy

H c. Reasonably quiet

¢ d. Very quiet

Comments:

P

12. Did your helmet interfere with your hearing?

a. Ko
b. Yes, the interference was as follows:

11
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